This paper considers the existence of uniform attractors for a non-autonomous thermoviscoelastic equation with strong damping in a bounded domain ( )
Introduction
In this paper we investigate the existence of uniform attractors for a nonlinear non-autonomous thermoviscoelastic equation with strong damping ( ) ( ) ( ) ( ) ( ) ( ) ( ) ( ) (maximal) attractors, we refer to [11] [12] [13] . More recently, Qin and Lü [12] obtained the existence of (uniformly compact) global attractors for the models of viscoelasticity; Qin, Liu and Song [13] established the existence of global attractors for a nonlinear thermoviscoelastic system in shape memory alloys.
Our problem is derived from the form which has several modeling features. The aim of this paper is to extend the decay results in [14] for a viscoelastic system to those for the thermoviscoelastic system (1.1-1.2) and then to establish the existence of the uniform attractor for this thermoviscoelastic systems. In the case ( ) t f u is a constant, Equation (1.6) has been used to model extensional vibrations of thin rods (see Love [15] , Chapter 20). In the case ( ) t f u is not a constant, Equation (1.6) can model materials whose density depends on the velocity t u . For instance, a thin rod which possesses a rigid surface and with an interior which can deforms slightly. We refer the reader to Fabrizio and Morro [16] for several other related models.
Let us recall some results concerning viscoelastic wave equations. In [17] , the author concerned with the quasilinear viscoelastic equation he proved that the energy decays similarly with that of g. In [18] , Wu considered the nonlinear viscoleastic wave equation with Dirichlet boundary condition, where
In the case 0 b = in (1.12), Messaoudi and Tatar [22] proved the exponential decay of global solutions to (1.12) without smallness of initial data, considering only the dissipation effect given by the memory. Considering nonlinear dissipation.
Recently, Araújo et al. [23] 
with the boundary conditions 0 on , 0 on ,
and initial conditions
The rest of our paper is organized as follows. In Section 2, we give some preparations for our consideration and our main result. The statements and the proofs of our main results will be given in Section 3 and Section 4, respectively.
For convenience, we denote the norm and scalar product in
C denotes a general positive constant, which may be different in different estimates.
Preliminaries and Main Result
We assume the memory kernel : g 
Define the generalized energy of problem ( 
We now define the symbol space for (1.
Observe the following important fact: The properly defined (uniform) attractor A 
We note that ( 
2) The set 
Proof. See, e.g., Chepyzhov, Pata and Vishik [42] .
Similar to Theorem 2.1, we have the following existence and uniqueness result.
arbitrary but fixed symbol function. Assume (2.1) and (2.2) hold. Then for any G ∈ Σ and for any ( ) ( )
on H of a two-parameter family of operators such that for any
, , , , , , , ,
Our main result reads as follows. 
The Well-Posedness
The global existence of solutions is the same as in [23] [30] [40] , so we omit the details here. Next we prove the uniqueness of solutions.
We consider two symbols 1 1 , f σ 
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with Dirichlet boundary conditions and initial conditions
The corresponding energy for (3.
It is easy to see that ( )
To simplify notations, let us say that the norm of the initial data is bounded by some 0 R > . Then given T τ > we use RT C to denote several positive constants which depend on R and T. By Young's inequality and the interpolation inequalities, we derive
which, together with (3.6)-(3.9), yields for some 1 0
Integrating (3.10) from τ to t and using Hölder's inequality, we have ( ) Applying Gronwall's inequality, we see that .
This shows that solutions of (1.17)-(1.21) depend continuously on the initial data. We complete the proof of Theorem 2.1.
Uniform Attractors
In this section, we shall establish the existence of uniform attractors for system ( Let X be a Banach space, and Σ be a parameter set. The operators
are said to be a family of processes in X with symbol space Σ if for any In the following, as usual, (w.r.t) will represent "with respect to". 
is uniformly (w.r.t Ĝ ∈ Σ ) asymptoti-Journal of Applied Mathematics and Physics cally compact in X.
Proof. This lemma is a version for semi-processes of a result by Khanmamedov [45] . A proof can be found in Sun et al. [43] , Theorem 4.2.
Next, we will divide into two subsections to prove Theorem 2.3.
Uniformly (w.r.t. G ∈ Σ ) Absorbing Set in H
In this subsection we shall establish the family of processes
has a bounded uniformly absorbing set given in the following theorem. 
Now we define ( )
From (1.17), integration by parts and Young's inequality, we derive for any hereinafter we use λ to represent the Poincaré constant.
From the expression of ( ) 
Noting that ( ) ( ) 
Now we take
We define the functional For any t τ ≥ , we take ε so small that
For fixed ε , we choose δ small enough and M so large that 
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